This study evaluated the effect of breed on the survivability and motility rate of cryopreserved cock semen. Semen from three cock breeds; White Leghorn (WL), Ovambo (OV) and Potchefstroom Koekoek (PK) was collected by means of the abdominal massage technique. Following semen collection, sperm were analyzed for motility and survivability with the use of contrast light BHTU microscope (20 x magnification). The semen was diluted (1 : 2 v/v) with egg yolk citrate (EYC) (extender A) and thereafter with extender B (EYC + 5% DMSO). The equilibration after each dilution was 2 h at 5 °C. The diluted samples were evaluated for sperm concentration, motility, survivability and pH. The samples were then loaded into straws and cooled in programmable freezer from 5 °C to -20 °C at the rate of 1 °C/minute. Semen straws were then exposed to liquid nitrogen vapour (-80 °C) for five minutes, plunged directly into liquid nitrogen (-196 °C) and stored for a week or more. Frozen straws were thawed at 5 °C and evaluated at 0, 30, 60 and 90 min post-thaw. From the results there was no significant effect of breed on the survival and motility of freshdiluted and frozen-thawed semen at 30 and 90 min post-thaw in all breeds. The sperm survivability of the PK breed was significantly higher than that of the WL breed. However, there was no sperm survivability difference between PK and OV breed immediately after thawing. The cryopreservation and thawing processes affected the survivability and motility of sperm of all poultry breeds negatively.
Introduction
Cryopreservation can be defined as the freezing of tissues or cells to preserve them indefinitely for future use. To date, cryopreservation of cock sperm remains a challenging obstacle due to low survival and motility rate of frozen-thawed cock semen. Blanco et al. (2000) reported that artificial insemination (AI) with frozen-thawed avian sperm produces fewer fertile eggs than do inseminations with fresh semen. Chickens have a short generation interval when compared to most farm animals (Jennen et al., 2005) . Thus genetic improvement could be attained at a faster rate. Moreover, successful cryopreservation of cock sperm will play an important role in preserving and transferring valuable genes to future generations, and it will also assist in the conservation of the male gametes of endangered indigenous poultry breeds.
Significant progress has been made in developing semen diluents and preservation procedures for poultry semen in the 1970's and 1980's (Blesbois, 2007) . However, survival and motility rate remain low. According to Dumpala et al. (2006) chicken semen is highly concentrated and of a low volume, and extension of neat semen with a proper diluent is required prior to AI and storage. The critical steps in successful cryopreservation of fowl semen are: selection of suitable semen extender, proper cryoprotectant, as well as freezing-thawing method (Suidzinska & Lukaszewicz, 2008) . In addition, choosing the correct low temperature storage and type of cryoprotectant that is suitable to reduce the damage to sperm membranes is important (Bellagamba et al., 1993; Dumpala et al., 2006) . If the survival and motility of frozen-thawed cock semen could be improved, there will be an increase in utilizing AI in the poultry industry. The objective of this study was to determine the effect of cryopreservation on the survivability and motility rate of sperm obtained from the indigenous Ovambo, Potchefstroom Koekoek and White Leghorn breeds. 
Materials and Methods
The study was conducted at the Agricultural Research Council (Irene), Germplasm Conservation & Reproduction Biotechnologies (Poultry unit) during spring (August -October). White Leghorn cocks (n = 6), Ovambo cocks (n = 6) and Potchefstroom Koekoek cocks (n = 6) were used in this experiment. At the beginning of the trial cocks were 32 weeks of age and were fed a commercial diet and received water ad libitum. Cocks were housed in an open-sided house, and kept individually in battery cages and exposed to an artificial photoperiod of (14L:10D) throughout the experiment (Blesbois, et al., 2005) . One caretaker was used to handle and feed the birds. To avoid variation, one operator performed semen collection throughout the study.
The cocks were trained for semen collection following two weeks of adaptation, using the abdominal massage technique of Quinn & Burrows (1937) . Semen from all breeds was collected twice a week, on Tuesdays and Thursdays between 10:00 and 10:30. Each bird responded to massage by partial aversion of the cloaca, and semen was collected from the ventral lip of the vent in a tube maintained at ±38 -40 ºC. Individual ejaculates were collected into 15 mL graduated collection tube to record the volume of the semen per ejaculate. During collection the semen tube was maintained at 38 -40 ºC in a thermo flask. Following semen collection, the sperm were analyzed for motility. Motility was expressed as the percentage of motile sperm with moderate to rapid progressive movement (Cheng et al., 2002) , and survivability with the use of contrast light BHTU microscopy, (20x magnification) using a scale of 1 to 5. Sperm concentration was measured by Spermacue Photometer (Minitub ®) and pH by a H1 931401 microprocessor (Hanna) instrument from United States of America.
The dilution medium consisted of egg yolk citrate (EYC) as an extender and 4% DMSO as a cryoprotectant. Semen was diluted in two steps, i.e. first diluted (1 : 2 v/v) with egg yolk citrate (EYC, extender A) and them with extender B (EYC + 5% DMSO). The equilibration period after each dilution was 2 h at 5 °C. After the second equilibration period, the diluted semen samples were loaded into straws (0.25 mL, at 5 °C), sealed with polyvinyl alcohol and then transferred to a programmable freezer (Integra Planner Kryosave) where the temperature was decreased in a stepwise manner. The starting temperature was 5 °C and semen was cooled to -20 °C at the rate of 1 °C/minute. Semen straws were then exposed to liquid nitrogen vapour (-80 °C) for five minutes and then plunged directly into liquid nitrogen (-196 °C) for storage. Frozen straws were thawed after a week or more at 5 °C (Herrera et al., 2005) . For thawing, a scissor, 15 mL tube and Kleenex soft tissues were placed in a fridge at 5 °C. Then the forceps were dipped into the liquid nitrogen. Each straw from the canister was picked and placed for 5 min in the 5 °C walk-in room. The straws were dried with a Kleenex soft tissue and both ends were cut with scissors. The content was then transferred to a 15 mL graduated tube. A drop of 4 µL of semen sample was taken immediately and evaluated for survival and motility rate at 0 min and then later at 30, 60 and 90 min post-thaw at 5 °C. The experimental was replicated three times for each treatment group. All chemicals of reagent or analytical grade were purchased from Sigma, unless otherwise stated.
The statistical comparison of the sperm survival and motility was carried out using ANOVA. Differences between each treatment means were evaluated by Bonferoni test, with a probability interval of 95% (P <0.05) considered to be significant.
Results and Discussion
This is the first study in South Africa to be done on freezing of semen of indigenous southern African chicken breeds. The effect of breed on fresh and frozen-thawed cock semen is presented in Table 1 . There was no significant difference (P >0.05) in terms of survivability and motility rate of extended raw semen in all three breeds. These results are contradictory to previous findings from other breeds and species. For example, the sperm survival and motility rates of fresh eagle (Aquila nipalensis) and peregrine (Falco peregrinus) were significantly different (Blanco et al., 2000) . The differences between the present study and previous findings might be attributed to different extenders or cryoprotectants used. Most studies used extenders different from the present study and therefore it might also have had an effect due to different concentration of the cryoprotectant. Blanco et al. (2000) used dimethylactemide as a cryoprotectant to determine species differences, while in the present study DMSO was used. However, DMSO is reported to protect the avian sperm from damages of freezing and thawing and as a result the sperm viability will be best maintained (Sexton, 1976 
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There was also no significant difference (P >0.05) immediately post-thaw on sperm survival between the Ovambo and Potchefstroom Koekoek breeds, as well as between the Ovambo and White Leghorn breeds. These results indicate that the southern African indigenous cock semen seem to perform similarly following cryopreservation and thawing. Potchefstroom Koekoek on the other hand had a significantly (P <0.05) higher sperm survival than White Leghorn. This observation indicates the effect of breed on sperm survival, and also that southern African indigenous cock semen freezes better than the White Leghorn breed based on sperm survival post-thaw. Similar observations were reported by Tabatabaci et al. (2009) who found that sperm motility and viability rates were significantly higher in sperm from indigenous roosters than from Ross males. At 30 min post-thaw the sperm survival rate was lower in all breeds without significant differences between them. This observation indicates a decreased survival rate with extended storage period of semen post-thaw.
Although there was no significant difference between Ovambo and Potchefstroom Koekoek cocks concerning motility rate, the Ovambo breed had a significantly (P <0.05) higher sperm motility rate than that of White Leghorn cocks. Once again, the semen of the indigenous southern African cock (Ovambo) exhibits a better motility rate after being stored for 30 min post-thaw. This could be an important characteristic for indigenous frozen/thawed semen especially when plenty of females are to be inseminated. Between 60 to 90 min post-thaw there was no significant difference in both parameters between the breeds, since semen quality parameters declined dramatically with time. This implies that cock semen cannot be kept for more than 60 min after thawing as survival and motility rate will decrease. Han et al. (2005) reported that the freezing process significantly reduced sperm survival and motility rate, regardless of breed. Their observations are similar to ours. Moreover, cock semen is sensitive to cryopreservation regardless of breed used. Several authors reported a significantly reduced motility rate and a detrimental effect of the freeze-thawing process in cock semen (Tabatabaci et al., 2009) which is in agreement with the finding of the present study. 
Conclusion
The study indicated that cryopreservation of sperm obtained from the indigenous Ovambo and Potchefstroom Koekoek breeds was successful, although viability decreased post-thaw as storage period prolonged. Prolonging the storage time to 90 min following freeze-thawing decreased the rate of sperm motility and survival rate. Further research is needed to improve the overall sperm survival and motility rate post-thaw in order to find a suitable time for AI.
